Abstract. The effects of C/N on removal rate of COD and NH 3 -N of a continuous running hybrid biological reactor were discussed. The results showed that the removal rates of COD and NH 3 -N were both more than 90% in the normal condition. The bio-film played a key role in removing the COD and NH 3 -N in hybrid biological reactor. The sludge bulking occurred when C/N is around 30. The extremely high nitrification efficiency could be an early warning of the sludge bulking and the precursor time might be one or several days.
800 Void ratio/% ≥97 * 1 water tank 2 rotameter 3 air pump 4 hybrid biological reactor 5 sludge return pump 6 lamellae settling tank. Figure 1 . The scheme of the reactor. Sodium bicarbonate was added into the raw water for adjusting the pH and it was also a carbon source for nitrifying bacteria.
The media suspended in the reactor and moved with the turbulent flow stirred by the aeration. This is benefit for the substrate degradation ability of the bio-film grew on the outer part of the spherical media. Since the hydraulic shear stress forces the bio-film a thin membrane so that the outside aerobic layer is thicker than the underlying anaerobic layer. The inner part of each spherical media is stuffed with entangled plastic thread which has a huge specific surface and is slightly washed by the water flow. There is also great amount of bio-film grows on its surface and is not prone to detach from the media thank for the relatively stable hydraulic condition.
Experimental conditions. This experiment was divided into two stages, start-up period and regular period. At the beginning, active sludge has been added in raw water for sludge acclimation and bio-film formation. After a week, the bio-film was formed on the media. And then the flow rate was increased. The operation parameters of the hybrid biological reactor are shown in the Table 2 . Analysis methods.The analysis methods used in this experiment are based on water and wastewater monitoring analysis method (the fourth edition) written by the editorial board of China's EPA.
(1)Water quality analysis COD: fast digestion spectrophotometric method; NH 3 -N: Nessler's reagent spectrophotometry; NO 3 -N: Thymol spectrophotometer; DO: JENCO-9173 dissolved oxygen meter; pH: PHS-2CW acidometer; MLSS: gravimetric method.
(2)Bio-film quantity analysis Caustic washing method: Take a certain amount of media coated with bio-film from the running reactor and put it into oven to be dried for 2 hours. Then the dried media were cooled to the room temperature in a dryer. Its weight is W 1 . After that, the media were heated in 2% NaOH solution and stirred to strip and dissolve all the attached bio-film on the media surface. Again, the stripped media were rinsed with fresh water and put into oven to be dried for 2 hours and cooled to the room temperature in a dryer. Its weight is W 2 . The total biomass in the reactor is W.
where V 0 = volume of sample media; V = total volume of media in the reactor.
Results and discussions
The removal effect of organic matter.The COD of influent, effluent and its removal rate are shown in Figure 2 . When the influent COD was between 306.8 mg/L~1220.6 mg/L, the effluent COD was between 4.1 mg/L~77.3 mg/L and the COD removal rate was above 90%. The results indicated that the COD removal rate of the hybrid biological reactor is high and stable. The hybrid biological reactor has better adaptability to the shocking loads of influent water quality and higher organic matter removal capability compared with the previous experiments. Unfortunately, sludge bulking occurred on around 38th day when C/N was 30 (shown in Figure 5 ). Since the nitrifying bacteria which have relatively long generation time could grow on the media and were not impacted by the SRT of the activated sludge therefore the NH 3 -N removal efficiency was high in the hybrid biological reactor. With the increase of the C/N, the NH 3 -N removal rate kept high but the NO 3 -N concentration in the effluent was decreasing and eventually tended to be 0 mg/L.
With increasing C/N, the heterotrophic bacteria propagated and dominate not only in the active sludge but also on the bio-film. Nitrifying bacteria receded to the inner part of the sludge floc and the underlying layer of the bio-film. The transfer of NH 3 -N and the O 2 to the nitrifying bacteria was restrained (Rittmann and Manem ,1992 ) and the nitrification decreased.
This means that more and more removed NH 3 -N was not nitrified to NO 3 -N but was directly assimilated by the heterotrophic bacteria. On the other hand, it also means that the heterotrophic bacteria are more robust than the autotrophic nitrifying bacteria especially when the influent COD concentration is high. Figure 5 showed that sludge bulking occurred on the 38th day when C/N was around 30 and COD-sludge load was 1.86 kg COD/(kg•MLSS). After the increasing of sludge discharge and the adding of polyaluminium chloride, the sludge bulking was controlled. However, on the 48th day, sludge bulking occurred again when C/N was around 35 and COD sludge load was 2.9 kg COD/(kg•MLSS) . By this time, it could not be controlled by adjustment of sludge discharge and/or addition of polyaluminium chloride. The almost absolute assimilation of NH 3 -N and the following sludge bulking phenomenon suggested that the deficiency of nitrogen triggered the sludge bulking.
The effect of organic matter on NO 3 -N.The main task of the first week was sludge acclimation and bio-film formation so the NO 3 -N measurement started from the 8th day. The variation of effluent NO 3 -N is shown in Figure 4 . At the early stage, Figure 4 . Variation of the effluent NO 3 -N concentration. The NO 3 -N increased despite that the COD increased too. During the first time of the sludge bulking the NH 3 -N remove rate decreased abruptly and the NO 3 -N decreased at the same time. It is worth noting that the effluent NO 3 -N was abnormally high in some days before sludge bulking. The nitrifying bacteria were then most vigorous since they transferred almost all the NH 3 -N into NO 3 -N. Either reason that nitrifying bacteria were so competitive or the heterotrophy bacteria were so weak temporarily in these days, the extremely high efficiency of nitrification should be an early warning of the sludge bulking.
The effect of C/N on SV of the system.The SV variations of the system are shown in Figure 5 . The C/N increased with the increase of COD in the hybrid biological reactor. When the C/N was around 30 in the system, sludge bulking occurred mainly because of nitrogen deficiency.
At the same time, the MLSS began to decrease. This is because the lack of nitrogen leading to the suppression of anabolism of heterotrophic bacteria. With the increase of COD, the shortage of nitrogen became significant and the probability of sludge bulking became higher. 
Conclusions
(1)When COD was between 306.8 mg/L~1220.6 mg/L, the removal rate of COD and NH 3 -N could be high and stable in which bio-film played a major role. (2)With the increase of COD, almost all of the NH 3 -N in the system was directly used for the anabolism of the heterotrophic bacteria, and the effluent NO 3 -N gradually decreased to zero. (3)When the C/N is around 30, sludge bulking will occur because of nitrogen deficiency. The extremely high nitrification efficiency could be an early warning of the sludge bulking and the precursor time might be one or several days.
